The immune attack against malignant tumors require the concerted action of CD8 + cytotoxic T lymphocytes (CTL) as well as CD4 + T helper cells. The contribution of T cell receptor (TCR) + CD4 ¡ CD8 ¡ double-negative (DN) T cells to anti-tumor immune responses is widely unknown. In previous studies, we have demonstrated that DN T cells with a broad TCR repertoire are present in humans in the peripheral blood and the lymph nodes of healthy individuals. Here, we characterize a human DN T cell clone (T4H2) recognizing an HLA-A2-restricted melanoma-associated antigenic gp100-peptide isolated from the peripheral blood of a melanoma patient. Antigen recognition by the T4H2 DN clone resulted in speciWc secretion of IFN-and TNF. Although lacking the CD8 molecule the gp100-specifc DN T cell clone was able to confer antigenspeciWc cytotoxicity against gp100-loaded target cells as well as HLA-A2 + gp100 expressing melanoma cells. The cytotoxic capacity was found to be perforin/granzymeBdependent. Together, these data indicate that functionally active antigen-speciWc DN T cells recognizing MHC class I-restricted tumor-associated antigen (TAA) may contribute to anti-tumor immunity in vivo.
Introduction
The knowledge of human Ag-speciWc TCR + CD4
¡ CD8 ¡ double-negative (DN) T cells and their role in the regulation of immune reponses is limited. Recently, we have shown that these cells exist in the peripheral blood as well as lymph nodes of healthy humans [1] . We found that human DN T cells reveal a long proliferative history and comprise of an antigen-experienced (CD45RA ¡ CCR7 + ) as well as a naïve (CD45RA + CCR7 ¡ ) subpopulation [1] . Primary human DN T cells exhibit a polyclonal TCR repertoire with a broad distribution of TCRV families. However, it remains unclear whether human peripheral DN T cells recognize MHC-I or MHC-II restricted epitopes and mediate Ag-speciWc target cell recognition in the absence of the CD4 or CD8 coreceptor.
Following the established paradigm, CD4 + T cells recognize antigens presented by MHC class-II molecules, whereas CD8 + T cells recognize antigens in an MHC class-I context [2, 3] . However, alternative ways of antigen recognition, e.g. MHC class-I restricted CD4
+ T cells have been demonstrated [4] . There is evidence from the murine system that antigen-recognition of DN T cells is connected to MHC class-I restricted epitopes: in MRL/MpJ-lpr/lpr mice, that have a mutant Fas gene and abnormal accumulation of DN T cells, several studies have demonstrated that TCR + DN T cells can be derived from CD8 + T cells and require MHC class-I or MHC class-I-like selection [5, 6] . These data are supported by several reports indicating that DN T cells are more closely related to CD8 + than to CD4 + T cells, e.g. due to demethylation of the CD8 gene [5, 7] and cytotoxic activity which is similar to conventional CD8 + T cells [8, 9] . Moreover, anti-leukemic cytotoxic activity of murine TCR + DN T cells has been demonstrated by Young et al. [10] .
CD8 is encoded by two distinct genes, CD8 and CD8 , and is expressed on the surface of T cells primarily as a CD8
heterodimer [11] . Two diVerent functions of the CD8 coreceptor on a T cell have been proposed. First, to stabilize the TCR/peptide/MHC complex: the Ig domain of CD8 binds to the conserved 3 domain of MHC class-I molecules on the cell surface [12, 13] . Second, to localize intracellularly the Src kinase lck to the TCR/CD3 complex [14, 15] . Earlier reports on the requirement of CD8 in antigen recognition have often been contradictory: while some TCRs are able to bind pMHC complexes despite the presence of anti-CD8 antibodies or mutations in the CD8-binding site [16] , other TCRs require CD8 stabilization [17, 18] . In a recent study, we could substantiate the hypothesis that the contribution of the structural versus the signaling role of CD8 in T cells depends on the aYnity of the TCR [16] . While the intracellular lck-binding domain of CD8 is critical for enhanced T cell activation regardless of the relative strength of the TCR, the extracellular domain of CD8 seems to be critical for TCRs with lower aYnity but not those with higher aYnity.
In this study, we have characterized a TAA-speciWc (gp100) MHC class-I restricted human DN T cell clone isolated from the peripheral blood of a melanoma patient. Functional data provide clear evidence that this clone exhibits similar characteristics as antigen-speciWc CD8 + cytotoxic T cells, indicating that human DN T cells may contribute to anti-tumor immunity in vivo.
Materials and methods
Media, cytokines and peptides T cells were cultured in RPMI-1640 medium (Gibco, Karlsruhe, Germany) plus 10% human AB serum (PAN Biotech, Aidenbach, Germany). The following recombinant human cytokines were used: 800 U/ml granulocyte-macrophage colony-stimulating factor (GM-CSF; Schering-Plough, Brussels, Belgium), 500 U/ml IL-4, 5 ng/ml transforming growth factor-1 (TGF-1) (both from Tebu, OVenbach, Germany), 10 ng/ml IL-1 , 1,000 U/ml IL-6, 10 ng/ml tumor necrosis factor (TNF), 2,000 U/ml interferon-(IFN-), (all from PromoCell, Heidelberg, Germany), and 1 g/ml prostaglandin E 2 (PGE 2 ; Pharmacia, Erlangen, Germany). Preparation of T cell growth factor (TCGF) was described previously [19] . The following HLA-A2-binding peptides were prepared by Clinalfa (LaeufelWngen, Switzerland): gp100 209-217 (ITDQVPFSV) and Melan-A [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] peptide (ELAGIGILTV). The identity of each peptide was conWrmed by mass spectral analysis.
MHC peptide tetramers and mAbs
Phycoerythrin (PE)-conjugated HLA-A*0201 tetramer (TM) that had been folded around Melan-A [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] or gp100 [209] [210] [211] [212] [213] [214] [215] [216] [217] , were synthesized by Beckman Coulter (Fullerton, CA). For phenotypic analysis we used the following monoclonal antibodies (mAbs): -CD8-APC, -CD69-FITC, -CD25-PE, -CD45RO-PE, -CD95-PE, -HLA-DR-FITC, -CD3-FITC, -CD4-PerCP, -TCR -FITC  (all from Becton Dickinson/Pharmingen, Heidelberg, Germany), -CD28-FITC and -CD62L-FITC (both from Caltag), -CCR7-FITC (R&D Systems, Minneapolis), -TCR -PE, -CD71-FITC (Immunotech/Beckman Coulter, Marseille, France). For intracellular staining the following unconjugated mAbs were used: -CD8 -chain (Becton Dickinson), -CD8 chain (Immunotech/Beckman Coulter), -perforin and -granzyme-B and (both from Hoelzel Diagnostika, Cologne, Germany). For blocking of the TCR, an unconjugated -TCRV 17 mAb (Immunotech) was used.
Cell lines
Melanoma cell lines Mel1300 (HLA-A2 + , gp100 + ) and Na8 (HLA-A2 + , gp100 ¡ ) [19] were cultured in complete medium supplemented with 10% FCS (PAA, Pasching, Austria). The transporter associated with antigen processing (TAP)-deWcient cell line T2 [21] was cultured in complete medium supplemented with 10% FCS. Prior to antigen-loading, T2 cells were kept for 6 h at room temperature (RT) in X-Vivo15 medium (Cambrex, Verviers, Belgium) and pulsed O/N exogenously with 5 g/ml of the Melan-A or the gp100 peptide and 10 g/ml 2-microglobulin (Scipac, Sittingbourne, UK) in serum-free complete medium. Ag-loaded T2 cells were washed four times with complete medium to remove redundant free peptide.
Generation and expansion of T cell lines and T cell clones
For the generation of CD8 + Melan-A/gp100-speciWc cytotoxic T cell (CTL) lines and clones, peripheral blood mononuclear cells (PBMC) from healthy donors were collected by leukapheresis, followed by density gradient centrifugation (Biocoll, Biochrom, Berlin). The study was approved by the University of Regensburg institutional review board. Informed consent was provided accordingly to the Declaration of Helsinki. Melan-A/gp100-speciWc CTL lines were generated as described previously [22] . BrieXy, CD8 + T cells were enriched using a negative isolation strategy (Miltenyi Biotec, Bergisch-Gladbach, Germany). Autologous dendritic cells (DC) were generated from monocytes and cultured in complete medium plus 10% FCS, supplemented with GM-CSF, IL-4 and TGF-. On day 6, fresh medium containing GM-CSF, IL-4, TNF, IL-6, IL-1 and PGE 2 was added. The culture was continued for additional 48 h and mature DC were pulsed with 30 g/ml of HLA-A2-binding Melan-A or gp100 peptide and 10 g/ml human 2-microglobulin for 2 h at 37°C in serum-free complete medium. CD8 + T cells were restimulated weekly with antigen-pulsed DC in 96-well U-bottom plates. Complete medium supplemented with 3% TCGF was replenished twice a week. T cell clones were isolated from primary CTL lines by single cell sorting (FACS Aria, BD Biosciences, San Diego, CA) using the appropriate MHCtetramers. CD8 + T cell clones were expanded by repetitive stimulation with allogeneic irradiated EBV-transformed B cells, irradiated allogeneic PBMC and PHA-L (1 mg/ml, Sigma, Steinheim, Germany).
The gp100-reactive T cell clone T4H2 was isolated from the peripheral blood of melanoma patient that had received the gp100:209-217 210 M peptide vaccine in incomplete Freund's adjuvant as part of a clinical trial in the Surgery Branch, NCI. The T cell clone was maintained in X-Vivo 15 media (Biowhittaker, Walkersville, MD) supplemented with 10% human AB serum (Valley Biomedical, Winchester, VA), 2 mM L-glutamine (Mediatech, Herndon, VA), 100 IU/ml penicillin (Mediatech), 100 mg/ml streptomycin (Mediatech), and 300 IU rhIL-2 (Chiron Co., Emeryville, CA) per ml.
Intracellular cytokine staining, cytokine bead array
Prior to Xow cytometric analysis, cells were stained with PE-coupled MHC-tetramers (30 min/37°C), then with mAbs and Wnally with 7AAD (BD/Pharmingen) for 15 min at 4°C in the dark. For intracellular mAb staining cells were Wxed with 0.25% paraformaldehyde (PFA, Merck, Darmstadt, Germany), permeabilized with 10% saponine (Riedel-de-Haen, Seelze, Germany) in 5% human albumine (Octapharma, Langenfeld, Germany) and stained with the respective mAb. For quantiWcation of secreted IL-2, IL-4, IL-5, IL-10, TNF and IFN-, DN and CD8 + T cells were stimulated at a T cell:stimulator cell ratio of 3:1 for diVerent time points. The supernatant was collected and analyzed via the Th1/Th2 cytokine bead array kit (BD/Pharmingen) following the manufacturer's instructions. Flow cytometry was performed on a FACSCalibur Xow cytometer (BD/ Biosciences). Data were analyzed with CellQuest (BD/ Biosciences) software.
Complementary-determining region 3 size analysis of TCR V transcripts
The complementary-determining region-3 (CDR3) of the polymerase chain reaction (PCR)-ampliWed TCR V 1-24 transcripts was analyzed using a run-oV procedure [23] . The run-oV products were run on an automated sequencer in the presence of Xuorescent size markers. The length of DNA fragments and the Xuorescence intensity of the bands were analyzed by GENESCAN672 software (Applied Biosystems, Foster City, USA). 51 Cr-release assay
Conventional
51 Cr-release assays were performed as previously described [20] . BrieXy, the cytotoxicity of T cell lines was determined using triplicate cultures in V-bottomed plates. Target cells were labeled with 200 Ci for 1 h. Target cells were then washed twice and seeded into the plates at eVector:target (E/T) ratios from 1:1 to 25:1 with 2,000 target cells/well. For spontaneous release, targets were plated without T cells in complete medium. For maximum release, target cells in 100 l of medium were plated with 100 l of 0.15% Triton-X-100 (Sigma). For blocking of perforin-mediated cytotoxicity, T cells were incubated O/N with Concanamycin-A (CMA, Sigma) at a Wnal concentration of 115 nM, washed twice and added to the cytotoxicity assay. For blocking of granzyme-B the blocker z-AAD (Calbiochem/Merck, Darmstadt, Germany) was added at indicated concentrations to the 51 Cr-release assays.
Reverse transcription: quantitative LightCycler PCR Total RNA was isolated from cultured CD8 + T cells or DN T cells in 30 l end volume using RNeasy Spin Columns from Quiagen (Hilden, Germany). Reverse transcription was performed using a SuperScriptTM II RNase H-Reverse Transcriptase (Invitrogen, Karlsruhe, Germany) according to the manufacturer's instructions; 0.25 g total RNA from cultured CD8 + and DN T cells was reverse transcribed in a total volume of 20 l. cDNA was ampliWed on a Roche Applied Science LightCycler using the QuantiTectTM SYBR Green PCR Kit (Qiagen, Hilden, Germany). The sequences of the primers used for ampliWcation were as follows: sense strand 5Ј-ATG TGG CAG TGT CTG CTG AG-3Ј and antisense strand 5Ј-GAT GCC TAG CCC AAT GAA AA-3Ј for CD4; sense strand 5Ј-CAA TCT CAC AAG CGT GAA GCC-3Ј and antisense strand 5Ј-GAA GGA AAT CAA CCA CAC TCA GC-3Ј for CD8 -chain; sense strand 5Ј-CCC TGA GCA ACT CCA TCA TGT-3Ј and antisense strand 5Ј-GTG GGC TTC GCT GGC A-3Ј for CD8 -chain; sense strand 5Ј-ACC GAT TGG ATG GTT TAG TGA G-3Ј and antisense strand 5Ј-CCT ACG GAA ACC TTG TTA CGA C-3Ј for 18S RNA. Two microliters of cDNA was ampliWed in a total volume of 20 l. Quantitative PCR consisted of 45 cycles, with denaturing at 95°C for 15 s, annealing at 57°C for 20 s, and extension at 72°C for 20 s.
DNA preparation, bisulWte conversion, PCR and sequencing Genomic DNA was isolated using the DNeasy Blood & Tissue kit (Qiagen) following the protocol for cultured cells. BisulWte conversion was performed using the EpiTect BisulWte kit (Qiagen) according to the manufacturer's instruction. After bisulWte modiWcation, DNA was eluted in 20 l buVer EB. PCR was performed using FastStart Taq polymerase (Roche) in a Wnal volume of 50 l containing 10 l bisulWte-treated genomic DNA at 93°C for 5 s, and 40 cycles of 93°C for 15 s, 53°C for 15 s and 72°C for 70 s, and a Wnal extension step of 5 min at 72°C. The sequences of CD8-speciWc primers were as follows: sense strand 5Ј-GTT TTT GGA GGA TGT GAT GTT ATT-3Ј and antisense strand 5Ј-TTC AAC CCT CAA TAC CCA TTT TAC-3Ј. PCR products were cloned using TOPO2.1 (Invitrogen, Karlsruhe, Germany) and inserts of several individual clones were sequenced by GENEART (Regensburg, Germany).
Results

Phenotypic characterization of a human gp100-reactive DN T cell clone
Here, we characterize the phenotype and function of a human TCR + DN T cell clone (T4H2) recognizing the HLA-A2 binding melanocyte diVerentiation antigen gp100 209-217 (see Fig. 1a for gp-100 tetramer binding). As shown in Fig. 1a Fig. 1a ). T4H2 cells were negative for CD27, CD62L, and expressed high levels of activation markers such as HLA-DR and CD95 (data not shown). In order to deWne the TCRV subfamily, we analyzed the complementary-determining region-3 (CDR3) size of T4H2 DN T cells using the spectratyping method. We found that the TCR belongs to the TCRV 17 family (Fig. 1b) . This Wnding could be veriWed by Xow cytometry using an anti-TCRV 17 mAb (see Fig. 1a ). NK markers, such as CD16, NKG2D, CD94, CD158a (Fig. 1c) were completely absent with the exception of CD56 which was slightly expressed.
We next compared the ability of DN T cells and CD8 + T cells to bind gp100 MHC-tetramers and found that the MHC-TM binding capacity is comparable in both clones (Fig. 1a) . These data indicate that despite the lack of the CD8 molecule, the TCR binding and stabilization to the pMHC is not diminished in the DN T4H2 clone.
There is data suggesting that TCR + DN T cells may be closely related to CD8 + T cells [5, [7] [8] [9] . Thus, we aimed to elucidate whether the T4H2 clone belongs to the DN T-cell family or to CD8 + T cells not expressing the CD8 chain on their surface. First, we determined the intracellular CD8 -and CD8 -chain expression via Xow cytometry. In contrast to CD8 + T cell lines (positive control), no signiWcant CD8 protein expression could be detected in T4H2 cells (Fig. 2a) . In line with these data, surface antibody staining revealed that no CD8 or -protein is present on the surface of T4H2 cells (Fig. 1a) .
In order to exclude that T4H2 DN T cells express low amounts of CD8 molecules we next determined CD8 -or CD8 -chain mRNA transcripts using quantitative Real Time PCR. As shown in Fig. 2b , we could not detect any CD8 mRNA in the DN T cell clone in contrast to CD8 + CTL cell lines or the CD8 + T cell clone 3.9. As expected, there is also no CD4 mRNA detectable in the T4H2 DN T cell clone compared to isolated CD4 + T cells (Fig. 2b) . To investigate whether DNA methylation might play a role in the silencing of CD8, we analyzed the methylation status of the CD8 promoter region in DN T cells as well as CD8 + and CD4 + T cells (Fig. 3) . Although the degree of methylation observed in the DN T cell clone was higher than in CD8 + or CD4 + T cells, the majority of CpG residues remained free of methylation (appr. 12% mCpG compared to 1% mCpG in CD8 + T cells). Therefore, it is unlikely that CpG methylation of the proximal promoter plays a major role in CD8 silencing of the DN T cells.
Functional characterization of the T4H2 DN T cell clone
Moreover, we tested the speciWc cytokine pattern of T4H2 DN T cells upon MHC class-I restricted Ag-speciWc recognition. Therefore, we determined the secretion of IL-2, IL-4, IL-5, IL-10, TNF, and IFN-in the supernatant of T4H2 cells after stimulation with either gp100-or control peptide (Melan-A)-pulsed T2 target cells, or with the gp100-expressing melanoma cell line Mel1300. The gp100-speciWc CD8 + T cell clone 3.9 served as a control (see Fig. 4 for 4 h supernatants, 24 h data not shown). We found that the T4H2 DN T cell clone predominantly secretes IFNand TNF upon gp100-speciWc recognition whereas Fig. 1 Phenotype of the gp100-reactive DN T cell clone T4H2. T4H2 cells were isolated from a melanoma patient after gp100-peptide vaccination and expanded over several months by repetitive stimulation with allogeneic feeder cells. A classical gp100-reactive CD8 + CTL clone (3.9), isolated from an HLA-A2 + healthy donor, served as a control. a T4H2 and 3.9 cells were harvested and stained with a panel of mAbs recognizing CD3, CD4, CD8, TCR , TCRV 17 (for T4H2) or TCRV 7 (for 3.9), CD28, CD45RO, CCR7, CD69, CD25, CD71 and the HLA-A2/gp100-tetramer and analyzed by Xow cytometry. We next asked whether the T4H2 DN T cell clone exerts any cytotoxic activity against gp100 expressing target cells although lacking CD8. We found that the T4H2 DN T cell clone exerts an antigen-speciWc cytotoxic activity against gp100-loaded target cells while T2 cells loaded with an irrelevant peptide (Melan-A) were not aVected (Fig. 5) . In order to clarify, if T4H2 DN T cells also kill tumor cells expressing endogenously processed gp100 epitopes, we used diVerent gp100 + and gp100 ¡ , HLA-A2 + melanoma cell lines as target cells. We found potent cytotoxic activity against the gp100 + tumor cell line Mel 1300 (Fig. 5 , Wlled triangles), while the gp100 ¡ cell line Na8 was not recognized at all (Wlled circles). Blocking of the TCR on DN T cells with an -TCRV 17 mAb completely abrogated target cell killing (Fig. 5, open triangles) . Together, these data clearly demonstrate that the T4H2 DN T cell clone mediates a TCR-driven Ag-speciWc target cell killing. Next, we performed 51 Cr-release assays with the T4H2 DN T cell clone and the gp100-speciWc CD8 + T cell clone 3.9 as a control against T2 cells loaded with diVerent concentrations of the gp100 peptide. We found that the T4H2 DN T cell clone exhibits a signiWcant cytotoxicity against T2 cells loaded with a peptide concentration of 5 g/ml, albeit the absolute amount of cell lysis was lower compared to CD8 + T cells (Fig. 6) . Dilution of the gp100 peptide to 0.5 g/ml led to a signiWcant reduction of the DN T cell-mediated cytotoxicity, while the CD8 + T cell clone was still able to mediate the full cytotoxicity up to a concentration of 0.05 g/ml.
In order to elucidate the mechanism of target cell killing in the DN T4H2 T cell clone, we analyzed the presence of the eVector molecules perforin and granzyme-B by intracellular mAb staining. We found high expression of perforin and granzyme-B in T4H2 comparable to CD8 + CTL lines and CD8 + T cell clones (Fig. 7a) . Moreover, we studied the functional impact of both eVector molecules using Concanamycin-A (CMA), an inhibitor of perforin and z-AAD, an inhibitor of granzyme-B. Pretreatment of T4H2 cells with CMA was able to completely abolish the cytotoxic activity of T4H2 cells similar to that observed in CD8 + CTL (see Fig. 7b ). In line with these data, z-AAD revealed a dose-dependent inhibition of target cell killing by T4H2 cells (Fig. 7b) . Thus, both eVector molecules are involved in antigen-speciWc target cell killing mediated by the T4H2 DN T cell clone.
Discussion
Here, we have characterized a gp100-speciWc TCR + CD4
¡ CD8 ¡ DN T cell clone (T4H2) isolated from the peripheral blood of a melanoma patient. T4H2 cells exhibit ¡ ) indicates that these cells are highly activated eVector-memory T cells being identical to conventional CD8 + T cell clones with the exception of CD28 which was negative on DN T cells. Yet, it is unknown whether T4H2 cells are susceptible to other costimulatory signals as it has been reported for conventional T lymphocytes [e.g. CD27, ICOS, OX40, 4-1BB [24] [25] [26] [27] ]. However, the lack of costimulation via CD28 rises the formal question whether the T4H2 cells having an activated phenotype upon ex vivo expansion would have been activated similarly under in vivo conditions. Nevertheless, it is of interest that this DN T cell clone is able to exert cytotoxic eVector functions despite the lack of CD8 and CD28. This phenomenon may be explained by a high aYnity of its TCR against the antigen.
T4H2 cells exhibit similar biological functions compared to conventional CD8 + CTL: Wrst, the cytokine pattern of T4H2 cells was dominated by IFN-and TNF secretion, which was similar to the gp100-reactive CD8 + T cells used as a control. These results are also in line with previous Wndings from freshly isolated DN T cells predominantly secreting IFN- [1] . Second, despite the lack of the CD8 coreceptor, T4H2 DN T cells exhibit a strong TCR-dependent Ag-speciWc cytotoxic activity. This Wnding is in line with our former observations of CD4 + T cells mediating eYcient reactivity against MHC class-I restricted antigens without a signiWcant contribution of coreceptors [4] . Additional studies with a Hepatitis C virus-reactive TCR cloned into Jurkat cells came to a similar conclusion [28] . Furthermore, it has been reported that retroviral transfer of the TCR into TCR + T cells is suYcient to convey high cytotoxic activity against leukemic cells [29] . The perforin/ granzyme-B based death pathway of the T4H2 clone is contradictory to murine TCR + DN T cells, which mediate cytotoxicity mainly via the fas/fasL pathway [10, 30] . However, recent publications report that murine xenoreactive TCR + DN T cells are also able to kill target cells via the perforin/granzyme-B pathway [31, 32] .
Previous Wndings from our own and other groups corroborate the hypothesis that any TCR that is capable to bind peptide/MHC complexes independently of CD8 is of a higher relative aYnity than TCRs that require CD8 for binding [33] [34] [35] . Our latest studies indicating that the CD8 coreceptor is mainly necessary to support low aYnity TCRs [36] further suggests that the T4H2 TCR is functionally active due to its high aYnity towards the gp100 antigen. The proof that high aYnity TCRs are able to confer speciWcity and functional activity has also been given by Kuball et al. [37] . They could convincingly show that the gene transfer of a high aYnity TCR recognizing the tumor suppressor protein p53 can redirect CD4 + T lymphocytes. One open question remaining is the selection of this HLA-A2 restricted DN T cell clone in the thymus. Current models of thymic selection require that MHC class-I peptide molecules encoded by the thymus positively select classical CD8 + T cells [38] . However, there are examples where TCR DN T cells proceed through thymic selection leading to functional T cells in the periphery. Van Laethem et al. [39] reported functional TCR DN T cells in CD4/CD8/ 2 m/I-A quad deWcient mice. Recently, we generated a transgenic mouse using the TIL1383I TCR which recognizes the HLA-A2 restricted tyrosinase 368-376 peptide (unpublished). In HLA-A2 transgenic mice, the TIL 1383I TCR is expressed in CD4 single positive (SP), CD8 SP, and DN T cells in the periphery. These T cells function since the mice get spontaneous vitiligo starting at 4-5 weeks of age (unpublished). While the selection process in the thymus leading to mature peripheral DN T cells is not yet understood, these T cells clearly exist and there are animal models now available to study this process in detail.
In this study, we have shown that the CD8 promoter in the DN T cell clone is poorly methylated. Similar data were found in DN T cells from mice lacking expression of fas (lpr) or fas-ligand (gld) [40, 41] . More recently, BristeauLeprince et al. [42] showed that DN T cells from ALPS patients share with CD8 + T cells unique CDR3 sequences across several TCRV families, arguing for the CD8 origin of DN T cells. However, Ford et al. [43] demonstrated that DN T cells do not mature from CD8 + T cell precursors, nor CD8 expression is required for their development in vivo. Taken together, our data suggest that CD8 is not aberrantly silenced by DNA methylation and that the DN T cell clone likely progressed through a CD8-expressing stage. However, we cannot exclude the possibility that the clone may have lost CD8 expression during its in vitro isolation from the PBMC population. Unfortunately, a clear cut identiWcation of the gp100-speciWc DN clonotype in the small DN peripheral blood lymphocyte population was impossible because of the lack of material from the patient, who passed away.
Another possible mechanism of thymic maturation is that a high relative TCR aYnity compensates for the lack of CD8 expression. Moreover, negative selection of conventional T cells is strongly supposed to be promoted by B7-1/ B7-2-mediated signals [44, 45] . As mentioned above, we found that the T4H2 clone lacks a CD28 surface expression. Thus, it seems likely that the omitted negative selection of the T4H2 clone was at least partially caused by an absent B7-1/B7-2-mediated costimulation. Interestingly, we could show in former studies that a lack of CD28 expression is characteristic for the majority of human TCR + DN T cells found in the periphery [1] .
Our Wndings support previous results with transduced cells from our own [28] and other groups [29] indicating that CD8-independent MHC class-I driven cytotoxicity is possible. In line with earlier reports of MHC class-I restricted cytotoxic CD4 + T lymphocytes [4] we conclude that TCR + DN T cells are able to contribute to anti-tumor immune responses in vivo. Only limited data are available regarding the homing and tissue distribution of antigen-speciWc DN T cells. Thus, it remains unclear whether TCR + DN T cells are present at the tumor site and how they are activated. Moreover, it is still open whether these cytotoxic TCR + DN T cells are related to previously described regulatory TCR + DN T cells [1, 30] . Further experiments are warranted to determine the impact of non-classical T cell populations for anti-tumor immunity. 
